Crystals suitable for single-crystal X-ray diffraction studies were grown from a concentrated pentane solution stored at -35 °C for 16 h.
Synthesis of Th[OC(=CH 2 )
SiMe 3 ](BIMA) 3 (6): Solid 1 (0.500 g, 0.673 mmol) was added to a 100 mL Schlenk tube containing a magnetic stir bar and dissolved in hexanes (30 mL). CO gas (16.5 mL, 0.673 mmol) was slowly added via syringe directly into the stirred solution over the course of two minutes at ambient temperature, during which the colourless solution became light green. The solution was then sealed off, and allowed to stir at ambient temperature for 24 h. During this time the solution became nearly colourless. The volatiles were removed under reduced pressure, and the resulting residue was extracted into pentane (10 mL), filtered through Celite, and concentrated to <0.5 mL. The super saturated solution was placed in the freezer at -35 °C for 16 h, resulting in colourless crystals of 6 (0.330 g, 63.6%). 1 X-ray quality crystals were grown from a mixture of 6 and 7, as described below. 3 (6) and Th[OC(N i Pr)C(CH 2 SiMe 3 )(C(Me)N( i Pr))O-κ 2 O,O′](BIMA) 2 (7): Solid 1 (0.500 g, 0.673 mmol) was added to a 75 mL Schlenk tube containing a magnetic stir bar and dissolved in toluene (10 mL). CO was vigorously bubbled through this stirred solution for 5 min., during which the colourless solution became light green. The bubbling was then discontinued, and the tube sealed under an atmosphere of CO. The solution was then stirred at ambient temperature for 1 h, at which point the solution had become colourless. The volatiles were removed under reduced pressure, and the resulting residue was triturated with pentane (2 x 5 mL) and extracted into pentane (10 mL). The solution was filtered through Celite and concentrated to <0.5 mL. The super saturated solution was then placed in the freezer at -35 °C for 48 h, resulting in a microcrystalline solid (0.425 g) which contained both 6 and 7. Despite repeated crystallization attempts, separation of 6 and 7 could not be achieved due to their similar solubility in non-polar solvents. Complex 6 could be identified by 1 H NMR spectroscopy. X-ray quality crystals were grown from a concentrated pentane solution stored at -35 °C for 72 h. Individual crystals of 6 and 7 were selected from a mixture of crystals and distinguished based upon their unit cell.
Generation of Th[OC(=CH 2 )SiMe 3 ](BIMA)
Generation of Th[-N=C(Ph)(CH 2 SiMe 3 )](BIMA) 3 (8): Solid 1 (0.020 g, 0.027 mmol) was added to a 4 mL dram vial and dissolved in C 6 D 6 (0.3 mL). In a separate dram vial, benzonitrile (0.0083 g, 0.081 mmol) was weighed out and dissolved in C 6 D 6 (0.3 mL). The two solutions were then combined and added to a J-Young NMR tube sealed with a Teflon screw cap. The solution was then heated at 100 °C for 3 d, resulting in >95% conversion to 8 as judged by 1 H NMR spectroscopy. 1 Generation of Th(NH-2,6-iPr 2 -C 6 H 3 )(BIMA) 3 (9): Solid 1 (0.020 g, 0.027 mmol) was added to a 4 mL dram vial and dissolved in C 6 D 6 (0.3 mL). In a separate dram vial, 2,6-diisopropylaniline (0.005 g, 0.028 mmol) was weighed out and dissolved in C 6 D 6 (0.3 mL). The two solutions were then combined and added to a J-Young NMR tube sealed with a Teflon screw cap. The solution was then heated at 100 °C for 5 d, resulting in >90% conversion to 9 as judged by 1 H NMR spectroscopy. 1 Generation of Th(O-2,6-t Bu 2 -C 6 H 3 )(BIMA) 3 (10): Solid 1 (0.021 g, 0.028 mmol) was added to a 4 mL dram vial and dissolved in C 6 D 6 (0.3 mL). In a separate dram vial, 2,6-di-tertbutylphenol (0.006 g, 0.029 mmol) was weighed out and dissolved in C 6 D 6 (0.3 mL). The two solutions were then combined and added to a J-Young NMR tube sealed with a Teflon screw cap. The solution was allowed to stand at ambient temperature for 12 h, at which point full conversion to 10 had been achieved as judged by 1 H NMR spectroscopy. 1 3 (11a): Solid ThCl(BIMA) 3 (0.243 g, 0.352 mmol) was added to a 20 mL scintillation vial containing a magnetic stir bar and dissolved in diethyl ether (2 mL). To this stirred solution was added KPHMes (0.082 g, 0.431 mmol) in THF (2 mL) dropwise, resulting in a light orange/yellow, cloudy solution. The reaction was allowed to stir at room temperature for 48 h, at which point the reaction appeared bright yellow. The volatiles were removed under reduced pressure, and the resulting solid was triturated with hexanes (2 x 2 mL), extracted into pentane (6 mL), filtered through Celite and concentrated to ~1.5 mL. The solution was then placed in the freezer at -35 °C for 16 h, resulting in yellow crystals of 11a (0.164 g, 57.8%) 1 3 (11b): Solid 1 (0.021 g, 0.028 mmol) was added to a 4 mL dram vial and dissolved in C 6 D 6 (0.3 mL). In a separate dram vial, PHPh 2 (0.0052 g, 0.028 mmol) was weighed out and dissolved in C 6 D 6 (0.3 mL). The two solutions were then combined and added to a J-Young NMR tube sealed with a Teflon screw cap. The solution was then heated at 100 °C for 4 d, resulting in a bright orange solution and >95% conversion to 11b as judged by 1 H NMR spectroscopy. 1 It was also observed that the dehydrocoupled product, Ph 2 P-PPh 2 , was generated in small quantities as determined by its characteristic 31 P NMR resonance in C 6 D 6 (δ -14.9) as well as an unidentified phosphoruscontaining species ( 31 P: δ 106). Synthesis of 11a via protonolysis of 1 with mesitylphosphine followed identical reaction conditions. 3 (12): Solid 1 (0.400 g, 0.538 mmol) was added to a 20 mL scintillation vial containing a magnetic stir bar and dissolved in hexanes (10 mL). To this stirred solution was added neat p-tolylacetylene (0.065 g, 0.560 mmol) dropwise, resulting in a faint yellow solution which was allowed to stir at ambient temperature for 1 h. The volatiles were removed under reduced pressure, and the resulting solid was extracted into hexanes (10 mL), concentrated to 6 mL, and placed in the freezer at -35 °C for 16 h, resulting in colourless crystals of 12 (0.392 g, 94.5%). 1 , and the resulting colourless solution was allowed to stir at ambient temperature for 2 h. The volatiles were removed under reduced pressure, and the resulting solid was re-dissolved in THF (6 mL), concentrated to 2 mL, and placed in the freezer at -35 °C for 16 h, resulting in colourless crystals of 13 (0.368 g, 81.4%). The complex crystallizes with an equivalent of THF in the lattice, which can be removed under vacuum. 1 H 14 ) ] (14): Solid 1 (0.251 g, 0.338 mmol) was added to a 20 mL scintillation vial containing a magnetic stir bar and dissolved in 2 mL toluene. To this stirred solution was added a toluene solution (3 mL) of 9-BBN dimer (0.082 g, 0.336 mmol) dropwise over 1 minute. The resulting colourless solution was allowed to stir at ambient temperature for 48 h. The volatiles were removed under reduced pressure, and the resulting solid was triturated with hexane (2 x 4 mL) and extracted into HMDSO (8 mL), leaving behind a small amount of insoluble, colourless solid. The HMDSO extract was then filtered through Celite, concentrated to 5 mL, and placed in the freezer at -35 °C for 16 h, resulting in colourless crystals of 14 (0.173 g, 65.8%). 1 Synthesis of Th(BIMA) 2 (BIMA*) (15): Solid 1 (0.500 g, 0.673 mmol) was added to a 4 mL dram vial and dissolved in 1.5 mL C 6 D 6 . The solution was transferred to a J-Young NMR tube and sealed with a Teflon screw cap. The J-Young tube was then placed in the photolysis reactor and irradiated for 10 days, at which point the solution had changed from colourless to green, and 1 was completely consumed as observed by 1 H NMR spectroscopy. The J-Young tube was then brought into the glovebox and emptied into a 20 mL scintillation vial, and the tube was rinsed with toluene (2 mL). This rinse was combined with the C 6 D 6 solution, and the volatiles were then removed under reduced pressure. The resulting solid was then extracted into toluene (4 mL), concentrated to 1 mL and placed in the freezer at -35 °C for 16 h, resulting in colourless crystals of 15 (0.232 g, 52.7%). 1 The solution was transferred to a quartz EPR tube custom-fitted with a J-Young neck and sealed with a Teflon screw cap. The tube was then placed in front of a xenon arc lamp and irradiated for 2 h, at which point the solution had changed from colourless to green, and 1 was completed consumed as observed by 1 H NMR spectroscopy. 0  10  20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200  210  220  230  240  250  260  270  280 C. X-ray Crystallography. Single-crystal X-ray diffraction experiments were performed at the UC Berkeley CHEXRAY crystallographic facility. Measurements of all compounds were performed on a Bruker APEX-II area detector using Mo Kα radiation (λ = 0.71073 Å). Crystals were kept at 100(2) K throughout collection. Data collection was performed with Bruker APEX2 software (v. 2014.11). Data refinement and reduction were performed with Bruker SAINT (V8.34A). All structures were solved with SHELXT.53 Structures were refined with SHELXL-2014. Molecular graphics were computed with Mercury 3.10. All non-hydrogen atoms were refined anisotropically, and hydrogen atoms were either included at the geometrically calculated positions and refined using a riding model or located as Q peaks in the Fourier difference map. (2) 100 (2) 100 (2) 100 (2) 100 (2) 100 (2) 100 ( 
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